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Abstract 
Understanding mysteries of the material cohesion must pass through the mastery of the concept "chemical bonding". However, 
the literature shows that the concept is perceived as abstract and difficult for students of all grade levels and academic .Among 
university students, in addition to the confusion caused by the plurality of chemical bonding models, the quantum approach is a 
source of major difficulties impeding the deep understanding of the concept. The research presented here consists of 
investigations with undergraduate students built around the fundamental concepts of the quantum model of the chemical bonding. 
The results show that the  fundamental concepts of the quantum chemical bonding model are partially mastered. 
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1. Introduction 
During the history of the chemical bonding concept, which is a key concept to explain the cohesion of the 
material, several models have been developed and adopted. Some of these models such as the covalent bond are still 
valid and are still very relevant in explaining the molecular architecture. This plurality of models, induces learning 
obstacles, also for learners of all levels of education, model and actual behavior merge (Nakiboglu, 2003; Taber, 
2001, 1997). These barriers are exacerbated by intrinsic difficulties to the latest models namely those resulting from 
quantum theory. Indeed, researchers in educational science are unanimous on the fact that the chemical bond as a 
physical process at the origin of the molecular structures stability and interaction between atoms and molecules is 
very complex when it is described by quantum mechanics (Taber et all., 2010).  
The complexity of the quantum model for the chemical bonding and its organizing concepts atomic orbital (AO), 
molecular orbital (MO), hybridization theory of valence bond... is generated by the nature of quantum theory and 
especially by its mathematical formalism. (Dumon &  Hazzi, 2011; Tsapalis & Stefani, 2009; Gómez Sánchez & 
Martín, 2003; Nakiboglu, 2003; Tsaparlis & Papaphotis, 2002; Taber, 2002a, 2002b, 2001 ; Shiland, 1997; Tsaparlis 
1997; Zoller, 1990). Among the obstacles diagnosed we can mention several confusions regarding the concept of 
orbital:   
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 Confusion among university students between the molecular orbitals (MO) and atomic ones (AO) 
between the molecular orbitals and their mathematical modeling (Taber, 2002a, 2002b, 2001; Tsaparlis, 
2002) as well as 'between molecular orbital and energy level (Sánchez Gómez, 2003; Nakiboglu, 2001).  
 The orbital is the electron path around the nucleus. This design highlighting the persistence of Bohr's 
atomic model was found among learners of different levels (; Sánchez, 2003; Tsaparlis, 2002 ; Taber 
2002a ; Nakiboglu & Benlikaya, 2001).    
 The hybrid orbitals are synonymous of molecular orbital (Dumon & Hazzi, 2011; Nakiboglou, 2003).  
In a previous work carried out in the Moroccan context, it has been shown that, even after intense education on 
the concept of the chemical bonding, a significant percentage of college students still convinced that chemical 
bonding is covalent one (Bouayad submitted ). Can these students overcome this barrier and to effectively 
understand fundamental concepts of the chemical bonding model according to quantum mechanics   : AO, MO, 
hybridization...   ? This question is at the origin of this work.    
2. Research Methodology 
In order to provide answers to our research question, we conducted investigations with students at the end of the 
undergraduate cycle of "Material Sciences Chemistry", where the chemical bonding is one of the basics concepts. 
We developed a three parts questionnaire A, B and C. In each part, we established a number of proposals related to 
the definition of a basic concept of the quantum theory of the chemical bond. Thus, in Part A, we focus on the 
definition of AO and MO; and in Part B, the proposals revolves around the model of the chemical bonding   : of 
Valence bond theory and molecular orbital and finally in Part C is treated the notion that hybridization. The 52 
students interviewed were asked to express their agreement (by choosing T) or disagreement (by choosing F) to 
proposals. The students were interviewed during a class session. 
3. Results 
3.1. Question A   : Atomic orbital and molecular orbital  
The corresponding percentages for two modalities of response to questions A are summarized in Table 1. 
Tableau 1 : Response in percentage to questions A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
T : True ; F : False 
Examination of the data for the three proposals (A-1, A-4 and A-5) defining the atomic orbital shows that the 
essence of quantum theory is misunderstood. In fact, 63.5% of students surveyed did not recognize the atomic 
orbital as a mathematical function describing the behavior of an electron in an atom (A-1). It seems that students do 
not develop the mathematical formalism of quantum theory. The indeterminacy of the theory is also not perceived 
Question A Modalité de 
réponse 
Pourcentage de 
réponse % 
A-1:  An atomic orbital is a mathematical function that describes the 
behavior of an electron in an atom. 
T 
F 
36,5 
63,5 
A-2:  The definition of a molecular orbital is the same as that of  the 
atomic orbital. 
T 
F 
51,9 
48,1 
A-3:  The molecular orbital is the linear combination of atomic orbitals.  T 
F 
51,9 
48,1 
A-4:  The atomic orbital is the trajectory of the electron revolves 
around the nucleus. 
T 
F 
42,3 
57,7 
A-5:  An atomic orbital is a surface on which the probability of 
presence of an electron in the molecule is constant.  
T 
F 
51,9 
48,1 
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by the students since about half of them expressed their agreement to the (A-4) proposal which confirms that AO is 
a path. Regard to the proposal (A-5) stating that AO is a surface at which is assigned a probability density, it is 
adopted by half of tested population. It should be noted that this definition raises a profound questions and we can 
even confirm that it is not clear. In fact, it refers simultaneously to the determinism (surface) and the indeterminism 
(density of probability). Knowing that this definition of AO was found in several reference works used as teaching 
aid (Tournier, 1970; Devoured. G, 1980), we can say that a priori definition of AO is not very explicit and unclear 
even in the teaching knowledge. In addition, half of the interviewed population expressed agreement with the (A-3) 
proposal, which suppose that MO is a linear combination of AO, correct idea in the context of molecular orbital 
theory.  
3.2 Question B: description of the chemical bonding 
This Part B is divided into two blocks of propositions. In the first block, we are interested in the theory of valence 
bond and in the second to the molecular orbital theory. The results are summarized in Tables 2 and 3. 
3.2.1. Question B-I : valence bond theory 
The corresponding percentages for two modalities of response to questions B-I are summarized in Table 2. 
Tableau2 : Response in percentage to questions B-I 
 
 
 
 
 
 
 
 
 
Examination of the results Table 2 shows that the questioned population seems to have acquired the terms of 
valence bond theory. This is justified by the high percentages of expressed agreements to the proposals (BI-1 and 
BI-2). Thus, 84.6% confirm that this model is only valid for the covalent bonding and 70% admit that this theory has 
its limitations and therefore cannot explain the existence of the molecular ion with one electron. However, the high 
percentage of students who seem to ignore the approximation which is based on this theory (BI-3) shows that they 
do not know the basics of the theory.   
 
3.2.2. Question B - II: the molecular orbital method 
The corresponding percentages for two modalities of response to questions B-II are summarized in Table 3. 
Tableau3 : Response in percentage to questions B-II 
 
 
 
 
 
 
 
 
 
 
 
From the table, 
we see that 84.8% of surveyed students agree that the principle of the molecular orbitals method is to consider the 
Question B-I Modalité de 
réponse 
Pourcentage de 
réponse % 
B-I-1:  The valence bond  theory is only valid for the covalent bond. 
 
T 
F 
84,6 
15,4 
B-I-2:  The theory of valence bond cannot explain the existence of 
the H ion with one electron.  
T 
F 
70 
30 
B-I-3:  The theory of valence bond  is based on an approximation: 
we consider the molecule as consisting of a series of independent 
links. 
T 
F 
30 
70 
Question B-II Modalité de réponse Pourcentage de 
réponse % 
B-II-1:  The principle of the molecular orbital method is to 
consider the molecular orbital as a linear combination  of 
atomic orbitals 
T 
F 
84,8 
15,2 
B-II-2:  The wave function of the molecule is obtained by the 
product of the wave functions of each molecular electron. The 
corresponding energy is, in first approximation, the total 
energy of each electron. 
T 
F 
51,2 
48,8 
B-II-3:  The molecular orbital theory can  justify  the existence 
of one- electron bond (H2+).   
T 
F 
71,4 
28,6 
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molecular orbital as a linear combination of atomic orbitals and this theory can explain the existence of one-electron 
ion 71.4%. In fact, half of the students 48.8% ignore the approximation of this theory (B-II-2).   
Similarly, some aspects related to the molecular orbital theory seem to be well understood by students. This was 
seen by the high percentage (84.8% and 71.4%) obtained in the case of proposals (II-B-1 and B -II-3). However, the 
proposal (B-II-2), which incorporates the notion of the approximation theory, the percentages are revised downward 
(51.2%). It can be deduced from this study that although students seem to know the principles of chemical bonding 
models according to quantum mechanics, they are confused when it addresses the process of approximation which is 
the essence of quantum theory.  
3.3 Question C : l’hybridization 
The corresponding percentages for two modalities of response to questions C are summarized in Table 4. 
Tableau4 : Response in percentage to questions C 
 
 
 
 
 
 
 
 
 
 
The very high percentage (76.6%) of the modality (T) to the proposal (C-1) indicates that a priori the concept of 
hybridization as reorganization (AO) is well perceived by interviewed students. The same observation is obtained in 
the case of the question (C-3) contributions of AO on the prediction of the molecular architecture (74.5% adopted 
modality True). In addition, the proposal (C-2), we tried to see if students distinguish between AO and hybrid MO. 
The analysis suggests that only (36.9%) of respondents distinguish between these two concepts. It should be noted 
that this confusion has been identified by other researchers in other educational contexts (Dumon and Hazzi, 2011; 
Nakiboglou, 2003). 
4. Conclusion  
At the end of this work, we can say that the results are consistent with those already cited by other researchers in 
different educational systems. Indeed, the results states that students at the undergraduate cycle cannot completely 
overcome obstacles diagnosed earlier in the beginning of their academic training despite various teachings on 
chemical bonding. Concepts of the atomic orbital, molecular orbital theory, valence bonding theory, molecular 
orbital theory and hybridization are partially mastered. Among the potential origins of these problems we can 
mention the nature of the quantum theory drowned in the mathematical formalism and therefore unrelated to 
ordinary intuitions and with no apparent link with the experience and empirical fields of reference.  
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